We review recent developments in determining the evolution of magnetic massive OB stars. One of the important scientific questions is the completeness and the detection limits of contemporaneous spectropolarimetric surveys across the HR diagram. We present the characteristics of the MiMeS survey of O-type stars, and how the limits of the current available observations warrant the design of new high-precision surveys that target the older O-type star population. Another important question is whether the presence of the magnetic fields changes stellar evolutionary tracks in a significant way, hence leading to a wrong determination of stellar parameters. We review new evolution models that include the effect of magnetic wind quenching, and suppression of convection in the iron opacity peak zone.
Introduction
Let us do a thought experiment. A molecular cloud collapses and fragments into a multitude of massive proto-stars. In general, simulations of such collapses include the impact of the interstellar magnetic field threading the cloud (e.g. Price & Bate, 2008) . It is thus quite natural to expect that in addition to the Initial Mass Function (IMF) that dictates the distribution of stellar masses (Salpeter, 1955) , there should also be an Initial B-field Function (I BF, Petit et al., 2019) that dictates the initial magnetic field strength distribution of newly-born stars.
Of course, this I BF may be a function of parameters that are governed by the exact processes that generate the magnetic fields -the example above (advection of interstellar magnetic fields) is only one of the suggested hypotheses for the origins of magnetic fields in massive stars. Indeed, it has now been established that 1 in 10 OBA stars hosts a large-scale magnetic field that is not contemporaneously generated by a dynamo mechanism similar to that of sun-like stars (e.g. Böhm-Vitense, 2007) , but is rather a remnant from an earlier event or evolutionary phase that has yet to be determined. The most widely accepted hypotheses at the moment involve either a seed magnetic field in the star-forming region as mentioned previously (e.g. Moss 2001) or a dynamo acting during the pre-main sequence stage, when these stars go through a fully convective phase (Villebrun et al., 2019) . Whatever scenario one chooses, it must reproduce the apparent lack of correlation between magnetic and stellar properties in massive stars (e.g. Shultz et al., 2019) .
This said, constraining the I BF observationally could provide pointers to the mechanisms that introduce these so-called "fossil" fields. Although magnetic fields can now be measured in great detail (see §2), reconstituting the I BF is however not a straightforward task. We are measuring the current-day characteristics of magnetic massive stars, and being able to rewind the history of the population of known magnetic massive stars requires multiple improvements of our current state of knowledge: (i) Stellar evolution models have to take the impact of fossil magnetic fields into account, which could for example mean that the age of magnetic stars determined with non-magnetic models may not be accurate. (ii) Some field generation scenarios continuously introduce new magnetic fields into a stellar population (e.g. shear-driven dynamos in merger events Schneider et al., 2019) and would have to be properly accounted for when attempting to recover the I BF. (iii) In order to place the population of magnetic stars in the context of the general population of massive stars, we need to understand the detection limits and the survey biases very well.
Therefore, the interpretation of current-day magnetic properties of stars to constrain the I BF is entangled with the uncertain magnetic stellar evolution, and the uncertain observational biases.
Have We Observed All Possible Groups of Massive Stars and Have
We Observed Them Well Enough?
The Zeeman effect (Zeeman, 1897) provides two ways of detecting magnetic fields in massive stars -the Zeeman splitting of spectral lines into multiple components, and the difference in polarization state across those components (usually in circular polarization, thus the Stokes V parameter). In massive stars, the Zeeman splitting is usually too small to be detected against other sources of line broadening (e.g. rotation, macro-turbulence). Therefore spectropolarimetry, combined with techniques that consider the Stokes V signal in multiple spectral lines at once (Donati et al., 1997) , is the modern way to detect magnetic fields. For a review, see Donati & Landstreet (2009) . In this section, we provide a non-exhaustive overview of the regions in the Hertzsprung-Russell diagram (HRD) that have, to date, been covered with large spectropolarimetric surveys. Figure 1 shows the upper left region of the so-called spectroscopic HRD (sHRD; Langer & Kudritzki, 2014 ) that displays log L ≡ log(T 4 eff /g) versus log T eff . We show a set of non-rotating evolution tracks from Brott et al. (2011) as a reference.
The datapoints are taken from multiple surveys of OBA stars, with magenta color representing magnetic stars and grey color representing stars that were observed with spectropolarimetry but for which no Stokes V signal was found. We note here that we have not made any attempt to assess the upper limits of these non-detections -therefore this figure must be taken as an illustration of survey selection bias, but should not be used to assess the incidence of magnetism. The surveys used are as follow:
• All the ApBp stars from the cluster surveys of Bagnulo et al. (2006) and Landstreet et al. (2007 Landstreet et al. ( , 2008 . As the surveys concentrated on known chemically peculiar stars, this dataset only contains magnetic detections.
• The volume-limited sample of Sikora et al. (2019a,b ) that contains all the intermediate-mass main sequence (MS) stars within 100pc.
• The red giant sample of Aurière et al. (2015) , which likely includes dynamogenerated fields but also descendants of ApBp stars.
• The sample of late-type supergiants from Grunhut et al. (2010) . • The evolved magnetic massive stars reported by Neiner et al. (2017) and Martin et al. (2018) in the context of the Large Impact of magnetic Fields on the Evolution of hot stars (LIFE) project.
• All the currently known magnetic OB stars from the compilations of Petit et al. (2013) and Fossati et al. (2016) .
• All the O and B stars observed in the context of the MiMeS survey (Wade et al., 2016; Grunhut et al., 2017; Petit et al., 2019) .
Three other significant surveys were not included here -the BOB survey of ∼100 MS B-type stars (Schöller et al., 2017) , the compilation of FORS1 data of Bagnulo et al. (2015) , and the BinaMIcS survey of ∼150 binary systems (Alecian et al., 2015) -because a tabulation of the spectral stellar parameters was not readily available.
As we can see in Fig. 1 , most observed magnetic stars are still on the main sequence, and there is especially a lack of evolved magnetic stars with higher masses ( 15 M ). This observation could be caused by a combination of factors. First, there have been less large-scale efforts to observe very evolved stars and that region of the HRD is less covered by spectropolarimetric surveys, leading to survey selection biases that are not well characterized.
Secondly, while magnetic detections are published regularly, there have been few studies characterizing the detection limits across the HRD based on actual survey data. This is especially important for massive OB stars, as the pre-selection of magnetic candidates cannot entirely rely on spectral peculiarities like it is the case for ApBp stars. For example, magnetic B-type stars can be either helium strong or weak (Borra & Landstreet, 1979; Borra et al., 1983) , or show no helium peculiarity (Donati et al., 2006; Petit et al., 2011) . Furthermore, while the Of?p spectral type classification has been directly associated with magnetism (Walborn et al., 2010) , not all magnetic O-type stars are Of?p (Grunhut et al., 2009 ).
Finally, the magnetic fields of evolved massive stars are likely inherently harder to detect. Under the magnetic flux conservation assumption, the surface field strength is expected to be inversely proportional to the square of the stellar radius. Thus as a star ages and its radius increases, we can expect the magnetic strength to decrease rapidly. Figure 2 illustrates the decrease in surface field expected for stars of various masses with a 1 kG magnetic field at the ZAMS (note that these tracks do not include evolutionary feedback from the presence of the magnetic field, see next section). As can be seen, the detection threshold is considerably lower at the TAMS than at the ZAMS, and while the fields on many of these stars might not be easily detected, a careful analysis of the upper limits of non-detections can constrain the magnetic properties of the population.
The MiMeS Survey (Wade et al., 2016) has performed such an analysis using the upper limits achieved for its sample of O-type stars (Grunhut et al., 2017; Petit et al., 2019) to determine the range of dipolar field strengths permitted by the polarisation spectra. They established that a model in which all the stars in the sample were to host a 100 G, dipolar magnetic field can be ruled out by the MiMeS data. Of particular relevance here, they also find that better upper limits, by at least a factor of 10, would have been necessary to rule out a detection bias as an explanation for the apparent lack of evolved main-sequence magnetic O-type stars (Fossati et al., 2016) .
Therefore dedicated surveys, such as the LIFE survey (Martin et al., 2018) , targeting the end of the main sequence for O-type stars with very high magnetic precision are necessary to confirm or refute the flux conservation hypothesis for massive stars.
Evolution of Magnetic Massive Stars
Another important aspect in determining the evolution of magnetic massive stars is the inclusion of the impact of a fossil field onto stellar structure in evolution models. The effect of fossil magnetism can be separated into two main categories: internal effects and wind-field interaction. The magnetic fields in stellar interiors cannot be observed directly. Nevertheless, we can rely on the theoretical description of the type of magnetic field topologies that can exist in the interiors of massive stars (e.g. Duez & Mathis, 2010) . Furthermore, asteroseismology of pulsating magnetic B-stars provides indirect evidence that these stars have lower core overshooting than similar non-magnetic stars (Briquet et al., 2012) . This could indicate that fossil fields penetrate deep into the interiors, and even interact with the dynamo fields that exist in the cores (Featherstone et al., 2009; Augustson et al., 2016) . Another example of indirect evidence is the magnetic suppression of macro-turbulent broadening in hot (Brott et al., 2011) in the sHRD, color-coded according to the expected surface field strength under the hypothesis of magnetic flux conservation, with the ZAMS field set to 1 kG. We note that these models do not include the feedback of the fossil field on the stellar structure and evolution. Nevertheless, it illustrates the large drop in magnetic field strength as the star evolves off the main sequence. The approximate spectral types are shown with vertical lines.
pta.edu.pl/proc/2020apr10/123 stars (Sundqvist et al., 2013; MacDonald & Petit, 2019) . The other impact of fossil magnetism is the interaction with the stellar winds. If the field has a large-scale component extending well above the stellar surface, it channels the wind material, creating a structured circumstellar magnetosphere that (i) quenches the total mass-loss, as the trapped material falls back to the star unless centrifugal support is present (ud-Doula et al., 2008) and (ii) increases the angular momentum loss by magnetically braking the surface (ud-Doula et al., 2009 ). Meynet et al. (2011) considered the effect of a fossil magnetic field on angular momentum loss in the evolution of a 10 M star. Considering two models reflecting extreme behaviors of angular momentum transport in the interior, they found that when the interior is in solid-body rotation, the surface rotation decreases more rapidly with time than when the interior is differentially rotating.
More recently, Petit et al. (2017) implemented the quenching of the mass loss and the time evolution of the field based on the magnetic flux conservation hypothesis. They found that for stars above 40 M , magnetic quenching of stellar winds significantly modifies stellar evolutionary tracks even during the MS. For example, a 80 M star with a field strength like that of NGC 1624-2 (the most magnetic O-type star known to date; Wade et al., 2012) would reach the TAMS with a significantly larger mass (by ∼20 M ) than a non-magnetic star of the same initial mass. This could present another pathway for the creation of "heavy" stellar-mass black holes such as those whose coalescence was detected by LIGO (Abbott et al., 2016) , even at solar metallicity. Another interesting application of magnetic quenching is to facilitate the formation of pair-instability supernovae at solar metallicity (Georgy et al., 2017) . Keszthelyi et al. (2019) implemented the effect of wind quenching, magnetic braking, and field strength evolution in lower initial mass models, for which wind mass-loss is less significant for the mass evolution of the stars. Nevertheless, the effect of magnetic braking was found to be significant. For two extreme schemes for the transport of angular momentum in the interior (uniform removal of angular momentum throughout the radiative envelope and removal only from the surface layers) the magnetic star's surface rotation slows down significantly in only a few Myr.
Summary
We presented what we hope to be a compelling case for empirically determining the Initial B-field Function (I BF) of stars with a radiative envelope. We presented the latest developments with respect to various problems that hamper the determination of the I BF. First, the observational biases and detection limits of large spectropolatimetric surveys remain to date poorly constrained. On the bright side, there have been new theoretical improvements in modelling the evolution of massive magnetic stars.
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